Abstract Lepidium sativum is widely used as a culinary and medicinal herb and is claimed to cure many diseases. In this study, an attempt was made to investigate the biochemical composition and functional properties of L. sativum ethanolic extract. The extract contained a total phenolic content of 11.03 ± 0.75 (mg GAE/g dw plant material) and a flavonoid content of 4.79 ± 0.24 (mg QE/ 100 g dw plant material). Further, the extract was characterized by LC-ESI-Q-TOF-MS/MS profiling and the results showed that the ethanolic fraction contains many important phenolics such as Kaempferol, Coumaroylquinic acid, p-Coumaroyl glycolic acid, Caffeic acid. The identified compounds are known for their biological properties and therefore, the functional properties of the extract as a whole were also studied. The extract showed significant antioxidant activity (IC 50 values) 162.4 ± 2.3, 35.29 ± 1.02, 187.12 ± 3.4 and 119.32 ± 1.5 lg/ml in terms of DPPH, ABTS, Superoxide scavenging activity and metal chelating property respectively. Further, the extract showed IC 50 values, 73.72 ± 1.23 and 121.78 ± 1.03 lg/ ml in HRBC membrane stabilization ability and protein denaturation inhibition capacity respectively, which in turn is a measure of its anti-inflammatory activity. The results of the study are promising and serve basis for further investigation into the plant and possible consideration for use in nutraceuticals and functional foods.
Introduction
In the past few decades, extensive research have been carried out in the interest of identifying plant derived phytonutrients with antioxidant property to limit the damage caused by free radicals. Phenolics and flavonoids are widely studied phytonutrients and they appear to function as biological response modifiers, which modify immune responses during the cell and tissue injury by functioning as a free radical scavenger and metal chelators (Ravi et al. 2017) . These class of phytonutrients exhibit stress relief compound, anti-aging, anti-inflammatory, as well as anticarcinogenic activity (Lidija et al. 2007; Coulibaly et al. 2014; Doshi et al. 2015; Belwal et al. 2016) .
In addition to this, many plant-derived compounds are well-known antioxidants and they help in reducing the oxidative damage occurring in the body, by stabilizing free radicals. Antioxidants play a significant role in maintaining optimum health and well-being. It also limits the occurence of numerous cognitive impairment, immune dysfunction as well as degenerative diseases including cardiovascular, cancer and diabetes (Prathapan et al. 2011; Shirzad et al. 2017) . Oxygen molecule plays a vital role in a biological metabolic pathway. The paradox of oxygen, react rapidly with free radicals to become radical themselves called reactive oxygen species (ROS). ROS include the hydroxyl radical ( Á OH), hydrogen peroxide (H 2 O 2 ), the superoxide anion radical (O 2 -), hypochlorite radical (-OCl), singlet oxygen (O 2 ), nitric oxide radical ( Á NO) and various lipid peroxides which are capable of attacking the normal cells of the body causing several structural and functional damages (Doshi et al. 2015) . Reports indicate that plant extracts, in the form of pure compounds and as standardized extracts, have unmatched chemical diversity and therefore, provide limitless prospects for the development of new drugs. Further, more than 80% of people around the globe rely on traditional medicines, especially on herbal medicines, for their primary healthcare needs. This number is increased further due to the high efficiency of plant medicines to treat chronic as well as infectious diseases and the development of adverse effects and microbial resistance of the chemically synthesized drugs (Sonmezdag et al. 2016) . Hence, it is essential to study the phytochemical composition of various medicinally important plant species. Lepidium sativum which belongs to the genus Lepidium under Cruciferae family, is one of such plant species with huge potential in the treatment of various diseases. It is locally called as pepper grass, garden grass, water cress and pepper wart. Its usage is reported in the treatment of skin disease, asthma, leprosy, hepatopathy, scurvy and seminal weakness (Ayedemir and Becerik 2011; Diwakar et al. 2017) . The bitter seed is aphrodisiac, depurative, diuretic, tonic, aphrodisiac, thermogenic antiscorbutic, antihistaminic and ophthalmic (Diwakar et al. 2017) .
Further, many studies showed that edible oil seed cakes contain many biologically active phytonutrients including natural antioxidants, phenolic acids, and flavonoids with tremendous health benefits. Therefore, oilseed cakes and their extracts can be used in nutraceuticals, dietary supplements, and pharmaceutical products (Ayala-zavala et al. 2011; Teh et al. 2014) . Therefore, in this study, efforts were made to analyze the bioactive profile and antioxidant and anti-inflammatory potential of LSS-C ethanol fractions.
Material and method

Chemicals and reagents
2,2
0 -Diphenyl-1-picrylhydrazyl radical (DPPH), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), gallic acid, Folin-Ciocalteu's phenol reagent, and quercetin were purchased from Sigma-Aldrich Chemical Company (St. Louis, USA). Ethanol (EtOH) and other chemicals and organic solvents used were of analytical grade from Merck Company.
Plant material
L. sativum seeds were procured from a local market, in Mumbai, India. The seeds were manually cleaned and grounded. Oil from the seeds was extracted using Soxhlet apparatus with n-hexane as the solvent for 5 h. The defatted seed powder was then dried at 28°C. Seed flour was further grounded, passed through a 60-mesh sieve and stored in a desiccator at 29°C, protected from light.
Ethanolic extraction of LSS-C
LSS-Cs were extracted according to the method reported by Kadam and Lele (2017) with some modification. About 1 g samples of LSS-C were mixed with the 17 ml of 53% of ethanol and stirred with a magnetic stirrer at 500 rpm for 30 min at 28°C. The samples were then centrifuged at 5000 rpm for 15 min, and the supernatants were recovered. The solvent parts were evaporated under reduced pressure and extracts were then stored at -20°C until the further use.
Phytochemical analysis
Total Polyphenol (TP) and Total flavonoid (TF) content were evaluated according to the method described by Belwal et al. (2016) and Kadam and Lele (2017) . The antiinflammatory activity of ethanolic fraction was determined by HRBC membrane stabilization and the inhibition of protein denaturation assay according to the method described by Kadam and Lele (2014) .
Bioactive profiling of extract by LC-Q-TOF-MS/MS
Phenolic contents of LSS-C extracts were characterized by LC-Q-TOF-MS/MS according to the method described by Kadam and Lele (2017) . An Agilent 6200 series Liquid Chromatography system utilizing a Zorbax Eclipse C18 (5 lm, 150 mm 9 2.1 mm) column was used. The solvent programme comprised water 95% (Solvent A): acetonitrile 5% (Solvent B) applying the following gradient: 0.02-20 min (A: 95%, B: 5%), 20-26 min (A: 5%, B: 95%), 26-30 min (A: 95%, B: 5%) system with a flow rate 0.2 ml/min and a column temperature of 25°C. The injection volume was set at 5 ll with a total run time of 30 min.
An Agilent G6550A ultra high definition Accurate-Mass Quadrupole Time of Flight Mass Spectrophotometer using Agilent Mass Hunter Software version B.05.01 (B5125) was utilized. Agilent personal Compound Database Library (PCDL) version B.05.01 build 92 was employed to create the custom database. The mass spectrophotometer was operated at 2 GHz and the full scan mass covered the range of m/z from 100 to 1000. MS 2 analyses were carried out in the automatic mode.
Sample ionization was achieved using an Electrospray Ionisation (ESI) interface in both positive and negative ion mode. In negative ion mode, the gas and vaporizer temperatures were set to 250°C, with a drying gas flow rate of 13 L/min. The nebulizer was set to 35 psig with a corona current of 20 mA, fragmentor 175 V, skimmer 65 V, Octopole RF 750 V and a capillary voltage of 5500 V.
Antioxidant activity and metal chelation property
Antioxidant activities of the LSS-C extracts were determined in terms of DPPH radical scavenging activity (Sonawane and Arya 2017) , ABTS radical scavenging assay (Perez-Ramirez et al. 2015) and superoxide scavenging activity assay (Prathapan et al. 2011) . Fe 2? chelation activities were also estimated (Decker and Barbara 1990) .
Statistical analysis
All data obtained were represented as the mean value ± standard deviation (SD) of the three replicates. Analyses were performed using the SPSS Version 16.0 (SPSS Inc. Chicago, IL. USA) and the variance (p \ 0.05) of the data was analyzed Duncan's new multiple ranges.
Result and discussion
Total phenolic and flavonoid content of LSS-C extract Phenolic and flavonoid compounds are viewed as important phytonutrients and are widely present in the many plants. In addition, these class of phytonutrients also recognized as antioxidants because of their free radicals scavenging activity active as well as oxygen species including singlet, superoxide free radicals and hydroxyl radicals quenching capacity (Vieira and Fatibello-filho 1997) . Table 1 shows the total phenolic and total flavonoid content of LSS-C extract. TPC and TFC values were expressed as gallic acid (mg GAE/g dw plant material) and quercetin equivalent (mg QE/g dw plant material) respectively.
The extract of LSS-C contained 11.03 ± 0.75 and 5.79 ± 0.24 mg/g dw of total phenolic and flavonoid content respectively. Indumathy and Ajithadas (2013) found similar results for total phenolic content in methanolic extract of L. sativum, 8.651 ± 0.321 mg gallic acid equivalent/gdw. In addition, a higher value of total phenolic content was found in acidified methanol extract produced by maceration at room temperature and were reported as 120.26 ± 1.52 mg Caffeic acid equivalent/g dw by Zia-Ul-Haq et al. (2012) . Ayedemir and Becerik (2011) reported a phenolic content of 51.0 ± 1.95 mg gallic acid equivalent/100 g dw in ethanolic extract of L. sativum. Regarding the flavonoid content of L. sativum, Indumathy and Ajithadas (2013) reported a similar trend of 4.023 ± 0.081 mg/g de catechol equivalent in the methanolic extract.
Bioactive profiling of extract by LC-Q-TOF-MS/MS
Liquid chromatography coupled with a high-resolution quadrupole time-of-flight mass spectrometer (Q-TOF-MS) in dual ESI ? and ESI -ionization mode was performed in this study. This enabled the identification of different isobaric compounds and then to carry out a qualitative analysis of phenolic constituents occurring in 60% EtOH fractions in LSS-C extract. The mass spectrometer ionizes the compound to generate charged molecule and molecule fragment, measuring their mass-to-charge ratio. This analytical technique is highly sensitive and selective as compared with conventional LC methods due to its rapid metabolite analysis with proper peak separation.
The LC-ESI-Q-TOF-MS-MS chromatograms of the LSS-C extract was relatively complex, containing peaks of phenolic acid, flavonoid and other methanolic compounds ( Fig. 1) . Thirteen phenolic compounds, twenty flavonoids, alkaloids, lignan and two stilbenes were identified using fragmentation patterns observed in tandem mass spectra ( Table 2 ). The MS/MS spectra of the individual compounds were analyzed by referring it to retention times, by comparison with published libraries and fragmentation profile. Peaks were also authenticated from masses and chemical formulas (Table 2) . Annotated compounds represent different classes include alkaloid, phenolic acid derivative (hydroxycinnamic acid) and flavonols.
MS spectral interpretation allowed the identification of 11 phenolic acid and their derivatives (peak 1, 4, 5, 10, 16, 20, 21, 24, 28, 30, 31, 33 and 35) . Among them, three compound (peak 25, 29 and 32) were identified as hydroxybenzoic acids such as vanillic acid 4-sulfate, 4-Hydroxyhippuric acid and Vanillic acid-hexoside according to pseudo molecular [M -H] -ion m/z at 248.11, 195.172 and 330 respectively. Like, peaks 1, 4, 5, 10, 20 and 21 were identified as phenolic acid derivative (Lidija et al. 2007 ). Peak 33 was assigned to hydroxybezoketones; 2-Hydroxy-4-methoxy acetophenone 5-sulfate (m/z at 262.237) according to an analysis of the molecular ion peak and MS 2 fragment ion peaks described in the previous report (Attaur-Rahman et al. 1995) . The molecular ion peaks and MS2 fragment peak of 2-Hydroxy-4-methoxy acetophenone 5-sulfate are 167, 166, 152, 151, 108, 95 
The compound was thus identified as an Isopropyl 3-(3,4-dihydroxy phenyl)-2-hydroxy propanoate. These phenolic acid have been previously reported from novel metabolite extracted from Salvia miltiorrhiza (Wang et al. 2008 ) with vasorelaxant activity.
As indicated in Fig. 1 and Table 2 MS spectral analysis presented alkaloid (peak 34) showing fragment ion at m/ z 320.298 with a molecular formula of C16H16O7 annotated as 4 0 -O-Methyl-epigallocatechin. Schisandrin B annotated (peak 22) was identified as lignan. The precursor ion at 400.465and a predicted formula C23H28O6. This lignan class has been reported into exhibit a potential antioxidant, anti-aging and anticancer property (Hou et al. 2015) .
As shown in Fig. 1 and Table 2 peak 7 and 15 reveal the presence of two stilbenes according to the MS spectral analysis, [M -H] -molecular ion at m/z 254.471 produced fragment ion at (m/z at 435, 411, 369, 359, 347, 333) which is similar to the mass of e-Viniferin and while Resveratrol shows an [M -H] -at m/z 228.243 for C14H12O3 and fragment ion at (m/z 185, 159) that previously described in previously describe in Sun et al. (2007) .
MS/MS spectral analysis revealed the presence of isoflavones (peak 3, 23 25, 32 and 36), flavonols (peak 11, 12, 13, 18 and 27), Kaempferol derivative (peak 6, 9 and 14), Phloretin (peak 19 and 29), Quercetin (peak 17) and Apigenin (peak 8) ( Fig. 1; Table 2 ). MS spectra have provided a sufficient information regarding the aglycone structure, the attachment point of substituents and the Several detected flavonoid were di-, tri-and tetra flavonol glycosides of Phloretin, quercetin apigenin, and kaempferol based on their spectral data with peaks (6, 8, 9, 14, 19, 29 and 26) -. Apigenin 6-C-glucoside (peak 8; m/z at 432.378) have been reported to be present in the various medicinal plant which is receiving an increasing attention due to their wide range of pharmacological activity such as antioxidant, anti-inflammatory, anti-cancer, antihyperalgesic, and neuroprotective effects. (He et al. 2016) 
. From peaks, it is clear that there is a high ratio of [M -H] -and [M]
-ion derived from homolytic and heterolytic cleavage of the sugar moieties from apigenin, quercetin, phloretin, and kaempferol. This could be affected by the length of the saccharide substituent (Lu et al. 2010) .
As shown in Fig. 1 and Table 2 the aglycones quercetin (peak 17; m/z at 302.236) and quercetin-3-O-rutinoside (peak 27; m/z at 609), produced fragment ion at m/z 151 and 179 respectively, which obtained from a cleavage of the heterocyclic C-ring by RDA (Bravo et al. 2006 ). In the case of quercetin-3-O-rutinoside spectra showed the deprotonated [M -H] -a molecule of the glycoside and the [a-H] -ion corresponding to the deprotonated aglycone. The latter ion is formed by losing the rutinose, galactose and rhamnose moiety from the corresponding glycosides.
Peak 3, 23, 25, 32 and 36 were identified as isoflavones presented pseudo molecular [M -H] -ion at 343.738, 314.289, 489.1317, 329.09 and 302.23 amu,with predicted molecular formula C18H15O7, C17H14O6, C24H25O11, C18H17O6 and C15H10O7, annotated as 7-hydroxy-5,6-dimethoxy-2 0 ,3 0 -methylenedioxy isoflavone, 5,6-dimethoxy-2 0 ,3 0 -methylenedioxy-7-C-b-d-glucopyranosyl isoflavone, 7-hydroxy-4 0 ,5,6-tri-methoxy isoflavone and 7-hydroxy-4 0 ,5,6-tri-methoxy isoflavone, respectively. Sequential loss of 15 amu [methyl group], 162 amu [hexose; glucose or galactose]
-, and 176 amu [glucoronic acid] was also evident in isorhamnetin-3-0-sophoroside-7-0-glucoside (peak 11; m/z at 801), 5,4 0 -dihydroxy-3,3 0 -dimethoxy-6:7-methylenedioxy flavone-4 0 -b-D-glucuronide (peak 12 m/z at 532) and 5,3 0 ,4 0 -Trihydroxy-3-methoxy-6:7-methylenedioxy flavone 4 0 -O-glucuronide (peak 13, m/z at 520.396).
As indicated in Fig. 1 and Table 2 MS -fragment ion at m/z 245 in (?)-catechin was produced by the loss of a (CH)2OH group as described by Sun et al. (2007) . Similarly, (-)-Epigallocatechin 3-Ogallate (peak 27; [M -H] -m/z at 458.372) exhibit the fragment ions at m/z 169, 331 and 305 which is consistent when compared with the previous report (Sun et al. 2007) . It shows that the fragment ion at m/z 169 that corresponds to gallic acid and the fragment ion at m/z 305 corresponds to the (-)-gallocatechin or (-)-epigallocatechin units.
Many of the bioactive compounds identified are known to possess various functional properties. Especially the identified classes such as flavones, flavanols, Isoflavones, phenolic acids, lignans, and alkaloids are known antioxidant and anti-inflammatory agents. Boots et al. (2008) explained the antioxidant potential of quercetin, a flavonol present in the extract. Another compound found in the extracts, epigallocatechin gallate, was identified as the most effective chemopreventive polyphenol in green tea (Du et al. 2012 ). Chen and Chen (2014) reported that kaempferol has a significant role in reducing the risk of chronic diseases, especially cancer by augmenting the body's antioxidant defense against free radicals. Caffeoylquinic acid is another compound of interest found in the extract and is known for many functional properties including antioxidant, anti-inflammatory, antimicrobial etc. (Miyamae et al. 2011; Coulibaly et al. 2014) . Most of the compounds identified were observed as efficient antioxidants and therefore, it is essential to analyze its potential to act as antioxidant and anti-inflammatory agents.
In vitro anti-inflammatory activity
Inflammation is a very complex biological response of cellular tissue to injurious stimuli. It is mainly classified into acute and chronic. In acute inflammation, the body initiates an early response to the harmful stimuli by accelerating the movement of plasma and leukocytes from the blood into harmful tissue. Whereas chronic inflammation is also known as prolonged inflammation which exhibits series of a biochemical reaction that involves the immune and vascular system (Kadam and Lele 2017) . In the last few decades, many researchers have been described the anti-inflammatory potential of phenolic and flavonoid content in plants and their potency in risks reduction of diseases and improve overall health. Further, studies proved that anti-inflammatory activity of one compound or extracts is complex and different from another. In the present study, the anti-inflammatory potential of the extract estimated by HRBC membrane stabilization assay and protein denaturation inhibition assay. Human red blood cell (HRBC) membranes or erythrocyte and lysosomal membrane are possessed similar structure (Saleem et al. 2011; Kadam and Lele 2014) . Therefore, inhibition of hypotonicity of erythrocyte membrane lysis can taken as a measure of the anti-inflammatory activity of LSS-C extract. The percent membrane stabilization for LSS-C extracts was studied at different concentration (50-250 lg/ml). The results are tabulated (Table 3) . Since protein denaturation is the one major factor causes inflammation, few anti-inflammatory drugs work on their ability to inhibit protein denaturation. Results of the study show that LSS-C extract is able to restrain the production of autoantigen and inhibits denaturation of protein in rheumatic disease (Table 3) . The results are in line with the LC-MS results, which showed that the extract is comprised of compounds such as Coumaroylquinic acid, Apigenin 6-C-glucoside, quercetin and Caffeoylquinic acid. The anti-inflammatory potential of these compounds have been studied and proved by various researchers and this supports the current in vitro assay results (Gattuso et al. 2007; Miyamae et al. 2011; Liang and Kitts 2015) .
In vitro antioxidant activity
Many plant-based phytonutrients including phenolic compounds are increasingly viewed as a potent antioxidant. In plants, these compounds limit a wide variety of environmental stresses while, in humans, phenolic compound play significant role in the prevention of degenerative diseases, particularly cancers, neurodegenerative diseases and cardiovascular diseases (Lu et al. 2010; Carciochi and Dimitrov 2014) . The L. sativum seed cake extract was screened for the antioxidant property of 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2 0 -azino-bis (3-ethyl-benzothiazoline-6-sulphonic acid (ABTS) and superoxide anion radical scavenging activity method as shown in Table 3 .
The effect of antioxidant on DPPH Á is due to their hydrogen donating ability (Prathapan et al. 2011) . DPPH is a stable free-radical molecule, exhibit trap for other radical and a strong inhibitor of radical-mediated polymerization often used in the evaluation of natural antioxidant. It shows strong absorption band at 517 nm, where radicals with deep violet color solution become colourless or pale yellow upon neutralized. The IC 50 value of DPPH radical scavenging activity for LSS-C extract was found to be 162.4 ± 2.3 lg/ml. Similar, results were reported by Annie Shirwaikar et al. (2011) (IC 50 value of 171.13 lg/ ml). Table 3 showed the antioxidant property of LSS-C extract as the ability to scavenge 50% of free radical ABTS Á? (IC 50 ). The ABTS radical cation is highly reactive towards most antioxidant such as phenolic compound. Assay determines the antioxidant activity in terms of hydrogen donating and chain-breaking activity and therefore compounds with a greater number of hydrogen group shows higher antioxidant capacity, which is expressed as the lowest IC 50 . The different relative scavenging activity of LSS-C extract against different tested radical, mainly because of different mechanisms involved in the radicalantioxidant reactions. The superoxide anion radicals (O 2 -) exhibit significant importance in the biological system since it is produced in large quantities by the enzyme NADPH oxidase as a product of one-electron reduction of dioxygen O 2 , which occurs widely in nature. Superoxide considers as the main cause of oxidative stress since they play important role in initiate lipid peroxidation of unsaturated fatty acids and also reacts with carbonyl compounds and halogenated carbons to create toxic peroxy radicals (Prathapan et al. 2011) . Therefore, it is important to study the scavenging effect of the LSS-C extract on superoxide radical in order to understand the mechanisms of antioxidant activity. The estimated IC 50 value of the extract in superoxide anion radical scavenging activity was found to be 187.12 ± 3.4 lg/ml. Indumathy and Ajithadas (2013) had reported that the methanolic extract of L. sativum seeds showed an IC 50 value of 110 and 85 lg/ml for DPPH and superoxide radical scavenging activity. Ayedemir and Becerik (2011) also reported the IC50 value of ethanolic extracts of L. sativum seed (172 lg/ml). In addition, the ethanol fraction of L. sativum showed 11.63 ± 0.3% inhibition for DPPH radical scavenging activity at 100 lg/ml concentration (Linn et al. 2014) . The results of the DPPH, (ABTS) and superoxide anion radical scavenging method were in agreement with the phenolic and flavonoid content, indicating L. sativum seed cake having a compelling antioxidant activity.
The LC-MS profile of the extract claimed the presence of many bioactive compounds including quercetin, Catechin, Sinapic acid, Lignans, Epigallocatechin and many more. The compounds listed were studied widely and reported to have significant antioxidant activity (Du et al. 2012; Chen and Chen 2014) . Therefore, the in vitro antioxidant assay results confirms the presence of these bioactive compounds in the extract.
Metal (iron) chelating property
Oxidation of biomolecules through metal ions is significant as they can catalyze the formation of earlier radicals which lead to the radical chain reaction of lipid peroxidation (Decker and Barbara 1990) . The chelating property of extracts on Fe ?2 ions shows the protection against oxidative damage. Chelating agents inhibit the radical-mediated oxidative chain reactions in food and biological systems and thus improves the human health and quality, stability and safety of food (Sonawane and Arya 2017) . The metal chelating effect of ethanolic extract of LSS-C was found to be IC 50 119.32 ± 1.5 lg/ml (Table 3) . Ayedemir and Becerik (2011) reported an IC 50 value for methanol, ethanol and water extract of L. sativum seed cake and was found to be 137.19, 480, 341 lg/ml respectively. In addition, IC 50 value for the chelating effect of L. sativum seed extract was 128 ± 94 lg/ml.
Conclusion
The present study reveals an important data regarding the nutraceutical potential of LSS-C. Liquid chromatography coupled with selectivity and sensitivity of Q-TOF-MS significantly identified the various phenolic acid, flavonoid and another phytonutrient with mass accuracy. Also, LSS-C exhibited excellent antioxidant and anti-inflammatory property. Results indicate that LSS-C might have possible health benefits and be helpful in preventing various oxidative stress associated diseases. This study provides a basis for further investigation into this plant and further, possible applications in food.
